The majority of systems that have been developed for identification of enteroviruses are based on virus neutralization by specific antisera (14, 19) . The use of the immunofluorescence technique has been described for enteroviruses (20, 22) but has not found wide acceptance as a routine typing method. This is because of the variability and high degree of nonspecific reactions seen with fluorescent reagents. We found previously (6) that nonspecific reactions did not occur with peroxidase-labeled poliovirus antibody; the lack of nonspecific reactions has also been reported for a number of peroxidase-labeled antibodies to other viruses (1, 10-13, 21, 23-27) . The purpose of this investigation was to determine the factors involved in the specificity of the reaction for the immunoperoxidase test in enterovirus identification by comparing the characteristics of fluorescein-and peroxidase-labeled immunoreagents.
MATERIALS AND METHODS
Viruses and antisera. The sources of poliovirus type 1 (PO-1) strain LSc-2ab and echovirus type 11 (EC-11) have been described (6 Immunochemical staining of infected cells. Monolayers of Vero cells grown on cover slips were inoculated with selected enteroviruses at an input of 10 to 30 plaque-forming units per cell. The cultures were incubated (in Earle balanced salt solution plus 5% fetal calf serum) for 16 to 18 h at 37 C. After the cell sheets were rinsed with phosphate-buffered saline (pH 7.2), the cells were fixed in 95% ethanol for 15 min at room temperature and air-dried. The preparations were incubated with specific rabbit antiviral serum for 1 h at room temperature, rinsed three times with phosphate-buffered saline, and treated with conjugated anti-rabbit globulin. After 1 h of incubation at room temperature, the preparations were rinsed three times with phosphate-buffered saline. Those treated with FITC-labeled antiglobulin were mounted in glycerol on glass slides and examined directly for fluorescence under a Zeiss fluorescence microscope. For those treated with peroxidase-labeled antiglobulin, a few drops of staining reagent (0.025% 3, 3'-diaminobenzidine dihydrochloride, 0.5% ethylenediaminetetraacetic acid, 0.1% H202 in phosphate buffer, 0.02 M, pH 6.0) was added and reacted for 3 to 5 min. Excess reagent was removed, and the cover slips were mounted in glycerol on glass slides. Sites of peroxidase activity were seen as dark-brown precipitates when viewed by light microscopy.
RESULTS
Identification of enteroviruses. The sensitivity of the immunofluorescence and immunoperoxidase techniques, judged by the presence or absence of staining at various dilutions of antiviral sera, was found to be the same. The amount of nonspecific staining, both in uninfected and virus-infected cells, was less in immunoperoxidase preparations (Fig. 1, 2) . For tests involving specific identification of the enteroviruses used here, virus in heavily infected cells was readily apparent by immunofluorescence (Fig. la, lc) or by the immunoperoxidase technique (Fig. lb, ld) . However, with virus-infected cells treated with normal rabbit serum (Fig. 2a, b) or with virusinfected cells treated with antiserum to an unrelated virus (Fig. 2c, d ), there was a higher degree of nonspecific binding with FITC conjugates than with peroxidase conjugates. Because it appeared that the immunoreagents used differed in their degree of nonspecific reaction, experiments were undertaken to determine whether there were any significant physical or chemical differences in the conjugate types that would contribute to nonspecific reactivity.
Characterization of conjugates. It is known that IgG fractions are negatively charged and that addition of fluorescein renders them more electronegative; furthermore, the net charge becomes more negative as the fluorescein/ protein molar ratio increases (18) . In preliminary studies, we found by gel electrophoresis that peroxidase has a positive charge; the effect of coupling this to globulin then was compared to FITC-labeled globulin by adsorption to ionexchange columns. A sample of each preparation (labeled goat anti-rabbit IgG) was placed on a column (0.75 by 20 cm) of diethylaminoethyl-Sephadex A-50 (equilibrated at pH 9.0 in barbital buffer) and eluted stepwise with buffers of varying pH, all at an ionic strength of 0.1 (pH 9.0 to 8.5, barbital-hydrochloride; pH 8.0 to 6.0, phosphate; pH 5.5 to 5.0, sodium acetateacetic acid). The peroxidase conjugate was not retained, whereas the FITC conjugate did not elute until a pH of 5.1 was reached (Fig. 3) .
Similar elution patterns were obtained with peroxidase-and FITC-labeled normal rabbit IgG, prepared as described above, and with commercial conjugates. Peroxidase conjugates were also not retained by cation exchangers (CM-Sephadex C-25, Dowex 50), at pH values ranging from 4.0 to 10.5.
The comparative size of the conjugated globulins was determined by chromatography on (7); the composition of FITC conjugates is shown in Table 1 . The F/P ratios were found to be variable, both for conjugates that we prepared and for commercially obtained conjugates.
DISCUSSION
In previous reports that have compared immunofluorescence and immunoperoxidase techniques, the advantages of the immunoperoxidase technique that have been emphasized are: (i) the ability to view the preparations by light microscopy, and (ii) the permanence of the preparations. This paper presents evidence that the characteristics of peroxidase-labeled antibodies make them more desirable as immunoreagents than FITC-labeled antibodies.
There are several difficulties inherent in standardization of immunofluorescence techniques (9); even such variables as the light source and filters used for fluorescence microscopy may affect the apparent degree of specific reaction (8) . The most important limitation is the need for optimal F/P molar ratios. As shown here and elsewhere (3, 9, (16) (17) (18) , reagents can vary widely in F/P ratios, both from commercial sources and (16) found that FITC conjugates with F/P molar ratios >2 gave a high degree of nonspecific reaction; others have reported similar findings (3, 9, 17) . The F/P ratio obtained is dependent on a number of factors: pH and concentration of buffer salts used for conjugation, time and temperature of reaction, and FITC and protein concentration (17) . Furthermore, obtaining the optimal F/P ratio often involves the loss of reagent or reagent activity. The ratio of peroxidase/protein is not essential for obtaining specific conjugates. The amount of peroxidase coupled varies with the procedure used (5-7), but the ratio obtained does not markedly alter either specificity or antibody reactivity (6, 7) .
From the results on ion-exchange chromatography above, the specificity appears to be retained because the peroxidase conjugates are so weakly charged. The size of the conjugates may also be involved in specificity. It can be assumed that peroxidase conjugates have a higher molecular weight than FITC conjugates; at a 1:1 peroxidase/antibody ratio, the minimal molecular weight would be 190,000 (molecular weight of 150,000 for antibody; molecular weight of 40,000 for horseradish peroxidase). The actual molecular weight is usually higher (5, 7). The molecular weight of FITC conjugates is essentially unchanged by the addition of two to four molecules of FITC (molecular weight of FITC, 378). By size-exclusion chromatography, however, FITC conjugates were consistently found to be larger, indicating that aggregates were readily formed. Furthermore, FITC conjugates were not easily disaggregated, e.g., by pH changes of suspending medium. From the data presented here and elsewhere (6), aggregation did not appear to occur in peroxidase conjugates.
In addition to the advantages inherent in the use of immunoperoxidase techniques, the characteristics of the immunoreagents used should readily permit the standardization of these techniques. This would result in having more reliable methods for the typing of enteroviruses by different laboratories.
